In reviewing the impact of the broad set of manufacturing practices commonly known as world-class manufacturing, the degree to which their adoption and use is affected by national background emerges as a set of research questions. We have used data from the UK and Germany, two countries considered to represent extremes of manufacturing performance within Europe, to investigate this issue. We begin by presenting findings from the economic literature that suggests that a considerable "gap" exists between German and British manufacturing firms at the national, industrial and factory levels.
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manufacturing sector, a country becomes what Porter [3] describes as a "wealthdriven economy", one which is living on the accumulated investment in the past.
Within the manufacturing area, the ability of manufacturing to perform at world-class levels in an increasingly global competitive environment is becoming more important. Hodgetts et al. [4] defined world-class organizations as those that have mastered total quality and learning, and are recognized as the best overall (not just in their fields) in at least several strategically important areas. We distinguish between world-class practices, the established processes which a company has put in place to improve the way that it runs its business, and world-class performance, the measureable improvement in a company's manufacturing processes resulting from the adoption of such practices.
Successful companies will adopt a range of practices and then see the benefits in improved performance. Six crucial criteria for assessing world-class practices and performance include:
• organization and culture; • logistics;
• manufacturing systems;
• lean production;
• concurrent engineering; and • total quality (see Figure 1 ).
Manufacturing in Germany and the UK
The world's largest manufacturing sectors are found in the USA, Japan, Germany, France, Italy and the UK. Studies of world-class manufacturing often concentrate only on companies in the USA and Japan. During the late twentieth century, Japan and the European Union have increased their advantage relative to the USA, which dominated the world economy post-1945. Within the European Union, however, this gain has not been evenly distributed. For the purposes of the present study, we make a detailed comparison of manufacturing practices in the UK and Germany. There are several reasons why Germany and the UK should be compared to one another: 
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(1) The economies of Germany and the UK are roughly comparable in size, thus avoiding the problems caused by international comparisons of manufacturing performance that use the USA and Japan as benchmarks, overshadowing real differences between European countries, because of the much larger size of the economy and competitive lead in those two countries. (2) Germany is a major competitor for the UK, and the one whose performance British manufacturers seek to emulate [5] . Germany's industrial strength began in the late nineteenth century, and, despite the disruption of two world wars, it has continued to be one of the leading global economies. It has been widely recognized as having one of the world's pre-eminent manufacturing traditions [3] :
In a range of industries, German firms have been world leaders for a century or more through achieving higher and higher levels of differentiation and competing in more and more sophisticated segments [5] .
On the other hand, while Britain can lay claim to being the first industrialized nation, the British manufacturing sector fell behind those in other leading nations following the Second World War, before it experienced a resurgence under the Thatcher government resulting from major changes in market competition, including privatization. Even so, the UK still lags behind other industrialized nations in manufacturing productivity, especially in total manufacturing output per man-hour among comparable industrial nations [6] .
Economists have found real and significant productivity differences in manufacturing between Germany and the UK at the level of individual industry sectors and total manufacturing [6] [7] [8] [9] . Explanations for the UK's lower productivity include the historical lack of competitive pressures; government "bale-out" of firms in the 1970s; and restrictive practices in the product and labour markets. During the 1980s, much of the improvement in the UK came through investment in human capital in response to the shock of the 1980 recession; reduction of restrictive practices in the labour market, including large reductions in the labour force employed and improvements in labour relations; and increased competitive practices in the product markets, while there was a relative slow down of German productive growth in the 1980s, due to more restrictive labour markets in Germany and declining German manufacturing output without a corresponding reduction in employment [9] .
O'Mahony [9] found that the total manufacturing output was lower in the UK than in Germany, primarily due to differences in the levels of physical and human capital, including the relative age of machinery, training and R&D expenditures. Other studies have highlighted the skills difference between Britain and Germany as a key factor underlying differences in manufacturing productivity between the two countries in several industries [6, 7] . Differences between the two countries have also been found at the individual manufacturing plant level; for example, multinational executives reported National and parent company origin 101 significant productivity differences between similar vehicle components manufacturing plants located in Germany and the UK [7] . Based on the studies reported in the economic literature that have found differences at the national, sectoral, industry and plant levels, we would expect to find significant differences between German and British manufacturing across a broad range of measures. This leads to our first hypothesis:
H1: Manufacturing practices and manufacturing performance will be significantly higher in German manufacturing sites than British sites.
The role of parent country of origin
The second area that we investigate in the present study is whether there will be differences between firms located within the same country with corporate parents of different national origins. This situation occurs when a multinational corporation establishes or acquires subsidiaries beyond its domestic boundaries.
Although overseas markets can be served in many ways, foreign direct investment in overseas manufacturing sites is an increasingly popular alternative to serving overseas markets through exports. A considerable body of literature considers why firms invest in foreign manufacturing sites. The first issues addressed by this literature were primarily quantitative and costrelated, such as transport costs, exchange rates, taxes and labour rates [10] , but more recently strategic issues have begun to be addressed. Internalization theorists, for example, argue that firms will expand globally in order to increase and leverage the value of tangible and intangible assets. Potential benefits of expansion include volume economies, intelligence gathering, product improvement, operational flexibility and stability, tax arbitrage and organizational advantages. Firms that realize such advantages will achieve superior overall performance and will perform well in individual markets, including their own home market and key markets throughout the world.
The USA and Japan are commonly cited as leading the rest of the world in manufacturing practices and performance, and many business practices associated with world-class manufacturing were initiated in either Japan or the USA. Foreign ownership may provide a "platform" for the diffusion of "best practices" in manufacturing to sites in other countries. In particular, much interest has been paid recently to the role of Japanese plants operating overseas in diffusing manufacturing practices associated with world-class performance; for example, Japanese companies which have located motor vehicle and electronics production in the UK have been successful in their endeavours.
As Japanese companies have expanded the number of overseas sites, Japanese transplants have begun to serve as best practice models for local companies. This process has been relatively later in Europe than in the USA, but the impact of Japanese transplants is beginning to be felt beyond their immediate supplier and customer networks. For Japanese companies, the two biggest challenges have been in developing the local workforce, especially skills and knowledge, and developing supplier networks. Mayes and Ogiwara [11] concluded that while Japanese transplants in Europe might not match cost and productivity levels of domestic sites, they could outperform UK sites in the same industry. This corroborates the suggestion by Abo [12] that Japanese manufacturing sites in the USA tend to be a hybrid of both Japanese and US manufacturing processes, and consequently to fall between the two in performance.
There is a high level of foreign direct investment in European manufacturing compared with other developed regions. Table I shows the level of inward and outward investment in the countries studied together with comparative figures for Japan, the USA and Brazil.
Much of this foreign direct investment has been made by companies headquartered in the USA and Japan. positive government policies, a relatively low-cost labour force and, a lower level of regulation than other European countries has led to a high level of foreign direct investment, with the highest absolute figure of the countries studied and surpassed as a percentage of capital formation only by The Netherlands. For investors in the USA and Japan, an added incentive to invest in the UK might be that it is English-speaking.
The role of foreign direct investment from Japan and the USA in diffusing best practices suggests that such a process may hold true for corporate parents with other national origins. This leads to our second hypothesis:
H2: Manufacturing sites with foreign parents will have higher levels of manufacturing practice and manufacturing performance than sites with domestic parents.
Research method
The data examined in this paper are drawn from the large-scale study of manufacturing practices and performance described in Hanson and Voss [13] and Hanson et al. [1] . The data were gathered by IBM Consulting manufacturing practitioners, who carried out structured interviews with managers in over 200 manufacturing sites in Germany and over 300 in the UK. Interviews were carried out on companies in both the former East Germany and West Germany, which are referred to together in this paper as Germany. The sites in the former East Germany were not significantly different on practice and performance dimensions from those in the former West Germany. Data for the study were collected through structured interviews conducted at the level of the manufacturing site, or plant. The structured interview instrument was sent to the respondent before the interview. The plants were initially identified through trade directories. As the project continued, some managers volunteered to participate in the study after presentations of preliminary results or published reports. Each visit included direct observation of production processes and work organization on the shopfloor. Data were gathered on manufacturing practices and performance in several areas, including organization and culture, cycle times, quality, plant and equipment and business measurement.
The sample contained 323 British and 210 German manufacturing sites and was spread across a number of industries. Additional data were also collected on each site, including the firm's status (independent, holding company unit, subsidiary of a larger firm, or operating company of a larger firm), nationality of the firm's corporate parent (domestic, other European, North American, Japanese, or other), site size and product SIC classification (see Tables III-V) . (British sites with fewer than 50 employees were eliminated from this analysis because no comparable sites had been sampled in Germany.) The distribution of site sizes between countries was not equal. One-way ANOVAs for the effects of size on total manufacturing practices and performance were not significant.
Each site was ranked in each of 46 manufacturing practices and manufacturing performance indicators that were considered to be representative of world-class. Ranking was made using a 1-5 scale, with 1 representing basic levels of practice or performance, and 5 representing worldclass practice or performance. The total manufacturing practice or performance score for each site was calculated by adding together all of the scores on the practice or performance variables. The first hypothesis (H1) predicted that German manufacturing sites would have higher levels of world-class manufacturing practices than British sites. To test this hypothesis, the German and UK data were tested for differences:
• in overall levels of practice and performance;
• between industry sectors in the respective countries; • in performance levels at similar practice levels; and • at the individual practice level. The second hypothesis (H2) predicted that manufacturing sites with foreign corporate parents would have higher levels of world-class manufacturing practices and performance than those with domestic parents. The UK and German data were tested to support this hypothesis.
Germany versus UK -overall and sectoral differences H1, that manufacturing practice and manufacturing performance would be higher in Germany than in the UK, was tested using a one-tailed t-test (see Table VI ). The average level of overall manufacturing practices and performance was higher in Germany than in the UK, but this was statistically significant only for overall manufacturing practice ( p = 0.000), and not for overall manufacturing performance ( p = 0.161). This suggests that German manufacturing companies may be significantly ahead in the adoption of worldclass manufacturing practices, but have not so far translated this into increased overall manufacturing performance.
Overall manufacturing performance was regressed against overall manufacturing practices with a dummy variable for country (see Table VII ). The regression coefficient for country was not significant, suggesting that British and German companies with similar levels of practice achieve similar levels of performance.
One-tailed t-tests for national differences were performed for the five largest industry sectors in the sample: chemicals and pharmaceuticals, electronics, process machinery, metal products and transportation and components (see Table VIII ). For companies in the chemicals and pharmaceuticals, machinery, metal products and transportation sectors, German average overall manufacturing practice was higher than British average overall manufacturing
Mean
Mean n Germany UK F-ratio Probability Germany UK Difference practice; however, sectoral differences were not statistically significant. Similarly, British average overall manufacturing practice was higher in electronics, but not significantly so. For manufacturing performance, the results were more mixed, with German performance higher for chemicals and pharmaceuticals and transportation and British performance higher in electronics, machinery and metal products; again, no sectoral difference was statistically significant.
Differences in individual manufacturing practices and performance
As well as overall manufacturing practice and performance, differences in individual practices and performance by country were also analysed, using a one-tailed t-test for national differences. The results are presented in Tables IX  and X. German manufacturing sites scored higher on average than British manufacturing sites -in many more areas than British manufacturing sites scored higher than German ones. For human resource practices, German manufacturing sites scored significantly higher on seven of the 11 practices examined, which may have led to the higher human resources performance by German sites. The German manufacturing sites also led in several lean production practices. 
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On the other hand, the British manufacturing sites reported much higher levels of ISO 9000 adoption. This finding may be due to the earlier launch of quality certification programmes in the UK than on the Continent (see [14] ).
Differences associated with parent origin H2 predicted that manufacturing sites with foreign parents would have significantly higher manufacturing practices and manufacturing performance than those with domestic parents. The manufacturing sites in this sample provided categorical data on whether their corporate parent was headquartered The tests for differences in the adoption of manufacturing practices between sites with different parent origins were statistically significant at the p = 0.000 level. Manufacturing sites were more likely to have adopted world-class manufacturing practices with overseas parents. Japanese ownership was associated with the highest level of practices adoption, followed by North American and then other European ownership. The one-way ANOVA for differences in the adoption of manufacturing performance between sites with 
Discussion
National differences
The results in Table XI indicate the areas in which Germany had significantly better manufacturing practice or performance than the UK. We propose that a pattern may be discerned in these results, which is presented in Figure 2 .
Management focus, including manufacturing strategy and benchmarking, underlies other manufacturing practices. Better practice in manufacturing systems, which comprises automation and information systems, leads to better productivity and delivery through improved scheduling and order tracking. Human resources management (HRM) practices, which comprises employee involvement, job flexibility and customer orientation, is primarily concerned with the way in which employees are managed within the organization. Employee involvement and job flexibility lead to superior productivity and employee morale, while customer orientation leads to higher customer satisfaction. Design practices include design process and new product introduction, as well as problem solving, a more general concept. Better design practices contribute to increased customer satisfaction and to higher new product initial yields. Shopfloor practices include layout and batch size, which contribute to better housekeeping and maintenance, which drives superior process capabilities. How can we account for the pattern revealed in Figure 2 ? Explanations based on historical differences between the UK and Germany can be put forward to account for the areas where Germany has been found to have superior practice and performance. Germany has traditionally been seen to have a more positive attitude to manufacturing, both in management and more generally in society than the UK. As long ago as 1867, a Royal Commission in the UK heard an expert say [15] : "…it is want of industrial education that prevents our manufacturers from making that progress which other nations are making". The Confederation of British Industry today argues that one of the key problems in the UK is the ability of companies to communicate their strategic plans to shareholders effectively, which may be linked to problems with formulating and executing manufacturing strategy and to benchmark against other companies effectively. The higher level of investment in automation and information systems may well be associated with companies who are prepared to invest in manufacturing equipment, which has long been argued to be one of the main weaknesses in the UK. Another traditional weakness is workforce management. Whereas in Germany, consensus management has been central to manufacturing for the last 40 years, it is only recently that this has changed in the UK. The change has come initially from the change in the role and the power of the unions under the Thatcher government, which in itself did not develop consensus management; the new relationships between management and unions, helped by the 1990s recession, however, have led to a sharp turn round in the way in which many UK companies are managed.
German advantage in HRM practices may be linked to rising wages, shortening work-weeks and rising competitiveness. The German high labourcosts are usually seen as being countered by higher productivity on the one hand and, strong design on the other, which are both reflected in the data. The high performance in shopfloor practices may be in part at least a function of the strong craft tradition in Germany, which leads to a high degree of thoroughness in the detail of manufacturing management. The German educational system is widely recognized as contributing to German strengths in technical areas, along with the well-developed apprenticeship system. Both of these contribute to highly-trained shopfloor workers, who are able to contribute to the production of high-quality, well-manufactured goods. The strength of the German technical system also contributes to German success in product development and design, as reflected in design process, new product introduction and problem solving.
Such historically-based explanations fail to explain, however, some of the factors in which the UK scored higher than the Germans. The UK has been described recently as being weak in quality, which was not supported by our data, which showed the UK sites as being superior in quality process and product reliability. This may be in part due to the strong emphasis being put on quality system certification, such as ISO 9000, and on quality awards such as the European Quality Award and the British Quality Award. These incentives seem to be having an impact. Finally, the UK's product cost position and cash flow may be due to the 1993 devaluation of the pound coupled with the strength of the Deutschmark.
There are two possible explanations for the UK performance lag: first, that companies overall fail to implement new practices, or second, that these have been implemented but UK companies have failed to realize their performance. From the above discussion, it might be concluded that the UK continues to lag behind Germany generally in manufacturing practice. Our analysis assumes National and parent company origin 111 the distribution of practices by the sampled companies is the same. However, we also suggest that this apparent gap may be distorted by the large number of companies with both low practice and low performance in the UK, which we call the "tail". Examination of the data shows that the UK median on the combined practice/performance index is close to that of Germany, but that the low end of the distribution differs between the two countries. Figure 3 shows the distribution of scores for sites scoring less than 150 on the aggregate practice/performance scale. This is supported by the statistical analysis described earlier which indicates that at the same level of practice, German and UK companies tend to have similar levels of performance.
These data suggest that, rather than there being systematic differences between the UK and Germany, the differences are in fact -at least in part -accounted for by a large tail of low performing companies and, the differences shown in Figure 2 relate to these rather than to the whole of the UK sample. Possible explanations for such a pattern include first, that these companies may be throwbacks to earlier periods who have failed to invest or change rapidly particularly on the human resource front; or second, that these are companies whose customers in the UK are not sufficiently demanding and/or where these customers have failed to use their influence to improve practice and performance of their suppliers, a failure of the supply chain.
Parent ownership differences
Across Europe, the foreign-owned companies in our study fared considerably better than those which were domestically-owned, suggesting a "home team disadvantage". Japanese-owned sites were particularly outstanding at both practice and performance; North American-owned sites had much better practice and somewhat better performance than domestic firms; companies with domestic parents had below-average scores on both practice and performance. 
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Germany UK There are a number of possible explanations. Foreign firms may indeed be bringing in best practice from overseas. This would seem to be the dominant explanation for the distinctive performance of Japanese manufacturing sites in Europe. Other studies have indicated that Japanese firms have a distinctive set of manufacturing practices which have been characterized as lean production [5, 16] . One would expect Japanese firms to bring these practices with them, resulting in superior ratings for both practice and performance.
Abo [12] studied Japanese manufacturing sites in the USA and argued that the actual practices in these plants are a hybrid between the Japanese and US patterns of manufacture. He coined the term "Hybrid Factory" for such sites. While our data do not enable us to test whether this is the case in Europe, it is plausible that a similar situation exists here. This explanation may also be applicable to sites with other parents. North American and other foreign owners may bring their own new and distinctive practices that may result in improved practice and performance relative to domestic firms.
Another explanation may be related to patterns of site establishment. Foreign parents may be able to implement better practices and achieve better performance because they can build "greenfield" sites. The Japanese in particular have relied on greenfield investments to a much higher extent than acquisitions, both in the US [17] and in the UK [11] -both studies found that twothirds of the sites were greenfield rather than acquired. Greenfield site investment may allow companies to maximize the effectiveness of its manufacturing investment, as decisions about manufacturing strategy can be made without being limited by previous (historical) decisions. Foreign managers may also find it easier to challenge many of the "we have always done it this way" habits of domestic managers.
Foreign parents may concentrate in industries such as vehicle manufacturing where world-class practices are prevalent, whereas domestic sites also include many industries which are either protected from or do not face international competition due to other factors. There is evidence from studies of Japanese overseas expansion (e.g. [7, 11] ) which suggest that this is true: Japanese overseas sites are heavily concentrated in consumer electronics, other electronics and vehicle manufacturing.
Finally, foreign ownership may reflect the prior domestic success of the parent company, while domestic companies which are unsuccessful are less likely to expand overseas.
The one area where domestically-owned sites were better than North American and other European owned sites was in developing technologydeveloping new products. This may be because many foreign-owned companies keep this function in their home country.
Conclusions
Our conclusions are in two parts, those relating to the Germany -UK comparison and those relating to foreign ownership. This study has found that National and parent company origin
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the German manufacturing sites have adopted higher levels of manufacturing practices than British manufacturing sites at a statistically significant level. They have also achieved higher levels of manufacturing performance, although not statistically higher. This result is robust across site sizes. The British are less behind in adopting world-class manufacturing in important industries such as chemicals and pharmaceuticals, electronics, machinery, metal products, and transportation equipment, and even achieve higher levels of performance in three of the five industries. While the British lag behind in adopting practices, they achieve similar levels of manufacturing performance at comparable levels of manufacturing performance, which suggests that adopting higher levels of manufacturing practice could lead to similar benefits.
However, examination of the distribution of the data indicates that British manufacturing may not be not systematically inferior to German, but that the differences described above are in fact primarily the result of a tail of poor performing manufacturing sites.
The implications for German manufacturing are that the superiority shown in the overall figures may be deceptive, and that if the poor tail is discounted, UK manufacturing is at a similar level to Germany, and with the strong DM, may have some additional advantages from low cost. The implications for the UK are first, that they need to pay more attention to bring all companies up to world class standards, and that the supply chain may be an important tool for doing this. Second, the biggest differences between the UK and Germany seem to be in the human resource area. The outright rejection of the social chapter aspects of the Maastricht treaty, may reflect an underlying negative attitude to good human resource practice, that in the long run will not be to the UK's advantage.
In this paper, we have examined the effect of parent ownership on the manufacturing practices and performance of European manufacturing sites in four countries. Our hypotheses that parent ownership affects the adoption of world-class manufacturing practices and the resulting performance outcomes were supported by the data. Overall, it can be argued that foreign direct investment is a source of improvement both in itself and as a vital source of improved practice that diffuses throughout European industry. The role of foreign-owned sites as exemplars of best practice has clearly been established. This research has strong implications for domestic competition. It has been proposed that supply chain effects are important; for example, Japanese vehicle manufacturers play a strong role in pulling best practices through their supplier networks; theoretically, such practices should gradually diffuse through different supplier tiers and into other areas as a result. This implies that even a small number of world-class manufacturing sites can have a large effect on manufacturing competitiveness, as these sites often have sizeable supplier networks, and use their expertise and influence to improve their suppliers. Hanson and Voss [13] found that suppliers to sophisticated, mainly foreign-owned, electronics companies had significantly better practices than suppliers to other companies. Although this does not happen overnight, such a pattern may emerge eventually from Japanese investment in the European automotive industry.
Second, the presence of foreign-owned sites offers manufacturing managers a clear opportunity for benchmarking their own practices and performance. Hanson and Voss [13] found that high-performing companies were five times as likely to be using benchmarking as an improvement tool as low-performing companies. Combined with the finding by Hanson et al. [1] that high-performing companies are much more realistic about their performance relative to global leaders than low-performing companies, it is clear that external benchmarks are important for companies to assess their relative strengths and weaknesses. Local high-performing companies, which face similar environmental and financial conditions as domestic companies, may be more useful as benchmarks than the global exemplars such as Xerox and Hewlett-Packard who are often cited as models.
On the other hand, there are a number of relevant criticisms which can be applied to excess foreign direct investment. Investment in "screwdriver factories", in which the plant performs only assembly operations and there is minimal local content, may not lead to the kinds of improvement described above. It has been noted that much new investment by the US and Japan in Europe has been in such assembly plants, where kits of parts from Japan, the USA or elsewhere are assembled. This results in very little value added in the host country, with both design and high value-added activities such as component manufacture being done in the parent country. This may also result in the reduction of the technological capability of a country as more manufacturing is done by companies with their R&D based elsewhere.
